ABSTRACT: Brazil is the world's main sugarcane producer and the production system has changed abiding to legal and technical recommendation. In Piracicaba many smallholders grow sugarcane in steep areas. Under such situation, mechanization at harvest makes cultivation impossible. This work assess the viability of agroforestry systems on joining crop production and conservation of natural resources. Soils at 12-20% slope class were identified, tree species which could be cultivated along with sugarcane were selected, and the design of the systems to be adopted was evaluated. Identified area occupies 11,556 ha and the most representative soil types are Typic Kandiuldult and Lithic Hapludoll. The exotic species coconut, eucalyptus, pejibaye and rubber, and eight native species have potential to be grown in contourhedgerows with sugarcane. Initial planting of exotic, domesticated trees is recommended, and gradual introduction of native, nondomesticated species, can be set according to their ecological requirements. Key words: contourhedgerows, erosion, exotic trees, native trees
INTRODUCTION
Recent technological changes and the improvement of the environmental legislation, have driven sugarcane (Saccharum officinarum L.) sector through significant changes in the State of São Paulo, Brazil. The driving forces are the restriction of pre-harvest crop burning and the consequent need for mechanical harvest. Improving environmental quality brought new challenges for sugarcane farmers. In the region of Piracicaba the crop occupies 86,000 ha (49.3% of the total area) predominantly managed by smallholders, and 37% of the currently cultivated area is not suited for mechanization (Sparovek et al., 1997) . Monocropping of sugarcane has also impacted the biodiversity of the Atlantic Forest, an ecosystem considered as of high conservation priorities by international studies (Myers et al., 2000) .
This scenario creates new opportunities for agricultural systems that meet both the crop production and the conservation of the natural resources. Agroforestry Systems (AFS) are suited for that because in tropical regions, there may be complementary use of light, water and nutrients by crops and trees, resulting in higher biological production than monocropping (Ong et al., 1991) . AFS contribute to soil conservation hence the presence of trees significantly controls soil erosion, specially in moderate slope conditions (Young, 1988) ; AFS are adapted to small properties and familiar agriculture, combining market-oriented production with consumptiondriven products, such as fruits, staple food, firewood, green manure, fodder and shelter to animals (Nair, 1989) ; AFS support relatively high biodiversity compared to monocultures and the quality and connectivity of the agricultural matrix maintenance, and recover biodiversity (Poiani et al., 2000; Perfecto & Vandermeer, 2002; Pimentel et al., 1992; Vandermeer et al., 1998; Moguel & Toledo, 1999) ; there is reduction of pests in AFS compared to intensive land use and AFS contribute to the survival of functional insects, like pollinators and pest predators (Klein et al., 2002 a, b) .
This paper aims to identify areas in the region of Piracicaba where AFS and sugarcane production could improve soil conservation, select tree species which can be potentially cultivated in AFS with sugarcane, and identify AFS designs for the cultivation of sugarcane in areas with moderate slope.
MATERIAL AND METHODS
Central coordinates of Piracicaba are 22°42'30''S and 47°38'01''W; the mean altitude is 554 m (BSL). Region's climate according to Koeppen's classification is Cwa or wet sub-tropical, with rainy summer and dry winter (Sentelhas et al., 1998) . The county occupies 137,134 ha and is representative of larger surrounding area with similar soil, climate and socioeconomic conditions.
The identification of suited areas for AFS was based on a digital, 1:100,000 soil map (IAC, Instituto Agronômico de Campinas) and a topography contour, 1:50,000 map (IBGE, Insituto Brasileiro de Geografia e Estatística). Sampling embodied the region of the Piracicaba River Basin, which occupies 104,915 ha, or 76% of the county's area. Criteria for suitability of mechanization was slope, which is the main variable for operation efficiency and for soil erosion susceptibility. The inferior limit was 12% -maximum slope for mechanization in the conventional system of cultivation -and the superior 20%, where the efficiency for soil conservation in contourhedgerows decreases drastically (Young, 1997) .
The digital soil and slope maps were analyzed through the Geographical Information System Idrisi (Eastman, 1992) . The overlaying slope and the soil maps allowed identification of suitable soils for cultivation in AFS.
Trees were selected according to the multipurpose concept based on the adaptation to the local soil and climate conditions; potential to contribute for soil conservation; profitability; acceptance by local farmers; local processing and conditions for commercialization and contribution to biodiversity (Wood, 1990) . Selection of AFS designs was based on literature, in a search for agroforestry practices compatible with the crop farming (Raintree, 1990) .
RESULTS AND DISCUSSION

Suited areas
The 12-20% slope interval covers an area of 11,556 ha of the sampled region, which represents 8.4% of the total area. Total and relative soil classes area in the slope of 12-20% were: Typic Kandiudult 5,406 ha or 3.9%; Lithic Hapludoll 2,931 ha or 2.1%; Typic Quartzpsamment 1,182 ha or 0.9%; Typic Hapludox 718 ha or 0.5%; Rhodic Eutrudox 295 ha or 0.2%, and others 1,022 ha or 0.8%. Soils are spread out instead of grouped (Figure 1) , what increases the possibility of the occurrence of high diversity in socio-economic conditions and management practices.
Predominant soils (Typic Kandiudult and Lithic Hapludoll) presented variable fertility, an attribute that, if necessary, can be amended for the agroforestry production. Susceptibility to erosion is high because of the small soil depth, and clay increase in the deeper soil horizons and is moderate at steep slopes. These soils do not present limitations for water availability neither for sugarcane nor for the intercropped trees.
Tree selection
From the 103,790 ha cultivated in Piracicaba, 50,981 ha are occupied with sugarcane and 45,974 ha with pasture (Cati, 1997) . There are also 1,494 ha of eucalyptus, 1,920 ha of fruit trees and 18 ha of other perennials, in a total of 888 properties with different land uses. Despite the predominance of sugarcane and pasture, trees play an important role in the diversification of small areas, which is an important factor towards adoption of AFS. Therefore the potential of 5 tree species suitable for AFS with sugarcane was initially analyzed. Table 1 summarizes the species and presents relevant information for cultivation.
Eucalyptus (Eucalyptus grandis Hill ex Maiden and Eucalyptus citriodora Hook) and rubber (Hevea brasiliensis Muell. Arg.), cultivated in the region of Piracicaba, are adapted to the local soil and climate conditions (Bernardes & Fancelli, 1990; Lima, 1993) . Coconut (Cocos nucifera L.) and pejibaye (Bactris gasipaes Kunth) have restrictions to be grown in areas with low temperatures and soils with low water retention capacity; these species should not be cultivated in low lands and irrigation may be necessary in some cases (Bovi, 1993; Passos, 1998) . The potential of species to contribute to soil conservation depends on their runoff interception and cover effects (Young, 1997) . The relative contribution to soil conservation, based on these criteria is shown in Table 1 .
Economic performance was evaluated by comparing the net present value (NPV, US$ ha -1 y -1 ) of the monocropping of each tree with sugarcane monocropping. All tree species presented greater or similar NPV when compared to sugarcane (Table 2) . Consequently, AFS are expected to be more profitable than monocropping, and that agrees to the results of Benjamin et al. (2000) .
Nevertheless, none of the previously selected species contributes to local biodiversity, because they are exotic to the Atlantic Forests. To provide high biodiversity of AFS native trees were also evaluated. Selected native species of the State of São Paulo (Ferretti et al., 1995) were compared regarding the potential of cultivation and use (Carvalho, 1994) . Seven Promising Timber Species (PTS), described as highly economic value timber trees with acceptable forestry performance and suited for soil rehabilitation were selected, and are recommended for pure and mixed plantations in the southern and northern Brazil (Carvalho, 1994) . The palm tree, Euterpe edulis Mart. (Ferreti, 1995) , was also selected. Table 3 It is recommended initial plantation of domesticated species to demonstrate the potential success of the adoption of trees in AFS combined with sugarcane, as they have more predictable performance, known biology, silvicultural practices and market options (Huxley, 1996) . Native, non-domesticated trees should be introduced gradually according to their ecological requirements, with special attention to light use. The shade-tolerant species should be introduced below the canopy of the rows of trees, taking advantage of the microclimatic modifications that benefit their development. The non shade-tolerant species could be introduced in the edge of the rows. Finally, both exotic and native species provide products (wood, fruits, latex, leaves, palm heart) that can be processed in small scale mills, or traded by own producers or their cooperatives.
AFS design
Contourhedgerow (CH) is the main type of AFS to reduce runoff and control soil erosion on cropping in steep slope conditions (Young, 1988) . Fujisaka (1997) synthesized the situations where adoption of CH is recommended, which are very similar to the Piracicaba region: a) in humid and sub-humid climates, combining erosion control with agricultural cultivation from gentle to moderate slopes; b) where the soils are relatively productive and erosion is a major problem; c) where the local population has reached a level in which extensive land use is not possible anymore.
The adoption of CH also provides benefits to the systematization of mechanized sugarcane fields. The expected gradual attenuation of the slope between tree rows (Garrity, 1996) favors mechanization in alleys of moderate slope. The presence of tree rows allows to till in parallel lines, to eliminate terraces and irregular contour lines of the crop, and to increase the length of the planting lines, favoring operational efficiency of agricultural machines (Mialhe et al., 1983) . The proposed sugarcane AFS can also be adopted in slopes inferior than 12%. However, the focus of this study was to identify the most critical conditions, where monocropping is not recommended and the adoption of AFS may allow cultivation with acceptable erosion rates.
The areas restricted to mechanization are distributed in discontinuous small spots, indicating that the AFS should be designed in small units and in different positions in relation to solar radiation ( Figure 1) . As nutrients and water were not considered limiting for crop production, light can be considered the main factor for the design of the AFS (Ong et al., 1991) . The exact spatial arrangement of the alleys and tree rows that provides the best resource capture and optimum land use rate, should be evaluated in field experiments driven by the previous evaluation through agroforestry models, such as HyPAR (Mobbs et al., 1998) and WaNuLCAS (Van Noordwijk & Lusiana, 1999 Carvalho (1994) and Ferreti et al. (1995) Table 3 -Native tree species selected for agroforestry systems with sugarcane in Piracicaba, Brazil.
